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J 1 
Headache B a l l :  Weight used t o  hoist  cable.  . 

Headache B a l l  
Restrainer: 

L i f t  B a r :  

weight. 

Frame t o  prevent headache b a l l  f 
ing top  of cage. 

B a r  which 1 inksAoi s t  l i n e  t o  safe ty  clamps 
and springs. 

Spring Rod: 

Springs : 

Spring Retainer: 

Anchor B a r :  

V e r t ' i c a l  Supports: 

Clamp Body: 

Clamping Cam: 

Guide Cam: 

Roller Guides : 

Down Side: 

Footblock : 

! 
J 

I Tension rod which transmits .force of springs 
t o  l i f t  bar. 

Steel a l loy  compression springs.  

Housing f o r  spring protection. 

B a r  to anchor springs f o r  compression. May 
be p a r t  of personnel cage o r  bolt-on assem- 
bly f o r  cage. 

Pa r t  of the anchor bar  assedply. 
on this piece. 

Steel p l a t e  bent i n t o  "U" shape, which pro- 
vides surface against  which s a f e t y  cable 
can be clamped by t h e  clamping cam. 

Cams pivot 

S t a in l e s s  steel bar w i t h  'hardened curved 
surface which wedges sa fe ty  cable i n t o  
clamp body. 

Steel bar which keeps clamp body i n  proper 
posi t ion p a r a l l e l  t o  s a fe ty  cable. 

Nylon rollers t o  keep sa fe ty  cables  cor- 
r e c t l y  pos i t ioned , in  t h e  clamp body. 

(Referring t o  h o i s t  l i n e )  The v e r t i c a l  
sec t ion  of hoist  l i n e  between the foot- 
block and the  cathead. 

Fixed sheave located a t  chimney base rout- 
i ng  the ho i s t  l i n e  from t h e  h o i s t  t o  t he  
ca thsad . 

I 
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Personnel Cage: . 

Cathcad: 

I' 
Quick Release 
Device : 

Safety C a b l e s :  

I 
I -  

,. .:. :.. . '! 

(Otherwise called cage) Personnel 
conveyance device which, when connected 
to  the  end of the  hois t  l i n e ,  i s  used 
to  t ransport  personnel from ground l eve l  
t o  the work leve l .  L 

IIorizontal b c a m  clcmcnt spanning chimncy 
or g r i l l a g e  with two fixed sheaves pro- 
viding overhead.-support and d i rec t ion  
f o r  the  h o i s t  cable. 

A l i n k  hooked in series t o  the hois t  
l i ne ,  which can be remotely opened simu- 
l a t i n g  a broak i n - t h e  hois t  l ine.  

( O t h e r w i s e  called guide cables) Vertical 
cables suspended from the  cathead or g r i l -  
lage providing backup support upon which 
the  safe ty  device catches when actuated. 
The cables also guide cage, preventing 
swaying and ro t a t ion  of the mancage. 



sonnel cage safety system used in the construction of large 

chimneys. The investigation discussed in this report was 

conducted by the National Chimney Construction Safety and 

Health Advisory Committee. 

The objective of this investigation is to demonstrate 

that the safety system,currently in use by member companies, 

will stop the personnel cage in the eventofa failure in the 

hoisting system. This study uses two methods to achieve this 

objective, one a theoretical approach' and the other a series 

of physical 

system. 

tests demonstrating the operation 

I 

of the safety 

Although the member companies do not have identical equip- 

ment, the basic principles and concepts described in this re- 

port arc thc same for a l l  mcmbcr companics. Configurations - 
and dimensions of equipment may vary based on individual 

requirements. 

1 
1 
I 
I 
I 
I 
I 
I 

c 



The purpose of t h e  cage saf  (Figure 1) is t o  

I arrest the  free f a l l  of t he  cage if the  main ho i s t  l i n e  should 

fa i l .  

1/2-inch diameter w i r e  rope sa fe ty  cables suspended from above. 

Figures 2 and 3 i l l u s t r a t e  the actuation of t he  sa fe ty  device. 

This i s  done by engaging a set of clamps on the  t w o  I 
I 

I 
I 

I 
I 

I 

I n  Figure 2, the  sa fe ty  system is  shown during normal I hoist ing operation. 

the  load i n  t h e  springs. 

therefore the  l i f t  bar must move up i n  r e l a t ion  t o  the  anchor 

bar. 

re ta iner .  

s ive  compression. 

c a m  is rotated so t h a t  a space between the  clamping cam and 

the clamp body is created f o r  t h e  safe ty  cable t o  pass through. 

The personnel cage is then free t o  be raised or lowered. 

The load i n  the ho i s t  l i n e  is l a rge r  than 

T h i s  causes the springs to compress; 

Note t h a t  t h e  spring compression is l i m i t e d  by the  spring 

T h i s  p ro t ec t s  the  spring from damage due t o  exces- I When the l i f t  bar is raised, t h e  clamping 

In  Figure 3, the  hois t  l i n e  has been broken. The actual - I load on the  l i f t  bar i s  a function of theldynamics of t h e  

ho i s t  cable being overhauled. 

overcomes t h i s  load, the l i f t  bar is forced down causing t h e  

When the spring compression 

clamping c a m  t o  r o t a t e  as shown. 

safe ty  cable between the clamping c a m  and clamp body locking 

the cage t o  tile sa fe ty  cables. 

T h i s  ro t a t ion  wedges the  I 
I 
I 1. 

. .  

I-" 
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# '  Figure 1 

Example of a Personnel Cage S a f e t y  System 
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Figure 2 

Safety System Position During Hoisting 
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Figure 3 

Safety System i n  Clamped Position 
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~n example of a headache b a l l  r e s t r a i n e r  is shown i n  

Figure 1. 

b a l l  from damaging the  safe ty  clamp mechanism and pro tec ts  

the  personnel ins ide  t h e  mancage. 

The headache b a l l  r e s t r a ine r  prevents the headache 

The r e s t r a i n e r  a l s o  pre- 

vents t he  headache b a l l  from moving l a t e r a l l y  and v e r t i c a l l y  
- with respect  t o  the mancage. _ _  

11.3 Spring Force Calculation 

11.3.1 Rigid Body Analysis 

To a d j u s t  the  broken cable sa fe ty  device properly, the 

cage weight, passenger weight, headache b a l l  weight ,  and cable 

weight m u s t  be considered. A l l  t h e s e  var iab les  must bc known 

i n  order t o  compute the  spring force required f o r  operation 

of the clamps. 

der ivat ion of t h e  r i g i d  body formula used t o  compute the spring 

force. 

quired spring force f o r  the mancage used i n  this test program. . 

Pages 1 and 2 of Appendix A i l l u s t r a t e  the  

Page 3 of Appendix A shows t h e  ca lcu la t ion  of t h e  re- 

Rigid body analysis  i s  more conservative than non-rigid 

body analysis ,  and therefore  w a s  used t o  determine the  spring 

compression i n  t h e  tests of t h i s  invest igat ion.  

11.3.2 Non-Rigid Body Dynamic Analysis 

To describe more accurately what happens when a ho i s t  

The program cable breaks, a computer,program was wri t ten.  

performs numerical in tegra t ions  t o  determine t h e  ve loc i t i e s ,  

forces and accelerat ions of t h e  personnel cage. 

I 



I 
1 
I 

ticity of cable can be used. ’ Ot 

weights of personnel cage and headache ball, and spring stiff- 

ness, . I 
I 
I 

This analysis is called a time-history - structural anal- 

ysis. Accelerations, velocities and displacements are computed 

for increments of time using the results from the previous 
I .  

time intcrval to initiate succccdiny intervals until khc pro- 

gram stops when the safety device engages, Because of the 

nature of thc analysis, il vcry s n n l l  time intcrval should bo 

used (approximately 0.001 seconds). This program is described 

in Appendix I3. 

An example using the computer program is shown in Appendix B. 

This computer run simulates a 900-foot chimney corresponding 

to the field tests, Using the weight of the personnel cage as 

2160 pounds and using calculations as defined in Appendix A, a 

spring compression of 1400 pounds was input into the program. 

The cable length and weight were also input. The field tests 

at Manchester, Ohio, demonstrated that the clamps engaged and 

-r stopped the personnel cage as predicted by the computer program. 
\& . ..” 
-.? 

11.4 Safety Guide Cable Tension 

The safety guide.cables are tensioned to minimize swaying 
1 

and rotation of the personnel cage. The operation of the 
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fety Guide Cable Tensio 

safety device is independent of the guide cable tension. 

magnitude of cage sway and rotation 

resistance to lateral motion. This lateral resistance is, in 

turn, a function of chimney height and cable tension. 

tain the same range of lateral resistance, the cable tension 

must increase as chimney height increases. 

The 

function of the cable's 

To main- 

However, it is 

reasonable to keep the same tension through the construction 

of any given chimney. 

tension should be applicd to the foundation end of cach guide 

cable. 

In all cases a minimum of 200 pounds 

111. Experimental Investigation of the Personnel Cage Safety 
System 

111.1 Statement of Approach 

Tne objective of this experimental testing program was 

to examine the effectiveness of the personnel cage safety sys- 

tem in the event of any hoist line failure. Hoist line breaks 

were simulated both in a chimney simulation facility and in 

an existing chimney. Safety system performance was evaluated 

by monitoring: 

a. 

b. Safety device actuation 

Magnitude of loads in the safety cable 

c. Accelerations in the personnel cage 



I 111.2.1 Test Facility 

A test facility to perform static 

been established at the Pullman Power Products Warehouse in 

Kansas, City, Missouri. A steel tower vas erected with 65 feet 

of vertical clearance for personnel cage travel (Figure 4). 

Personnel cage hoisting was provided by a ground-mounted single 

drum hoist. The hoist line was routed over a fixed footblock 

and two sheaves on the cathead. 

tive of construction equipment used in the field and can be 

used to model various chimney heights. 

- 

This arrangement is representa- 

Chimney height and cable size were simulated by using an 

appropriately sized counterweight to represent cable on the 

down side of the hoist line. 

cable break above the cage or between the footblock and hoist 

(Figure 5) . 
A quick-release device simulated 

Occupant weight was simulated by using weights in the 

personnel cage. Vertical and horizontal accelerations in the 

cage were measured w i t h  an electric resistance accelerometer. 

Forces in the safety lines were measured with through-type 

strain gage load cells attached to the lines with strand chucks 

(Figure 6). Tension-link strain gase load cells were connected 

in line to measure force above the headache ball and above the 

counterweight in the hoist line (Figure 7). All load cells 

were electronically calibrated during setup. 

was calibrated using the 1 g (32 ft/sec2) acceleration. caused 

by gravity. 

The accelerometer 

I 

I 
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A ground l e v e l  instrument shelter contained p o w e r  sup- 

p l i e s ,  f i l t e r s  and ampl i f ie rs  f o r  t h e  transducers mentioned 

above. 

I 
I Output w a s  recorded on an oscillograph. 

I 111.2.2 Procedure 

I 
I 
I 
I 
I 

I ~I 
' I  
I 
I 
I 
I 
I 
I - .  

I' 

A.chimney height of 1000 feet w a s  simulated by using a 

900 pound counterweight t o  represent  1000 f e e t  of 314 inch 

h o i s t  l i ne .  

personnel cage. 

A 600 pound headache b a l l  w a s  used above the  

The springs on the sa fe ty  device w e r e  adjusted using 

compression forces  based on theo re t i ca l  considerations as 

explained i n  Section 11.3 of t h i s  report .  Personnel cage 

tests w e r e  performed w i t h  t he  following simulated occupant 

weights : 

Cable Break Between Footblock and Hoist 

Hoisting Down Hoisting U p  
Stat ionary (about 250'/min) (about 250'/min) 

Empty Empty Empty 

800P 800#  SOOP 

C a b l e  Break Above Headache B a l l  

* Hoisting Down Hoisting Up 
Stat ionary (about 250'/min) (about 250 '/min) 

-PtY Empty Empty 

800# 800#  8004 

- lOO0Q - 

. . .  .- 

i ._ 



w e r e  i n i t i a l l y  adjus 

900 f e e t  t a l l .  The springs were 

ducing t h e  compression u n t i l  t h e  would j u s t  en- 

gage during a s ta t ic  tes t  with a break between footblock and 

ho i s t .  

t h e  test. 

This spr ing force  reduction increased t h e  sever i ty  of 

This adjustment would not  be made during normal 

personnel cage setup. 

. 111.2.3 Results 

Oscillogra'ph p l o t s  of tests are included i n  Appendix C. 

A typ ica l  plot is shown i n  Figure 8. 

recorded on each p lo t .  

3 is accelerat ion measured i n  t h e  cage, and 4 and 5 are forces 

i n  t h e  h o i s t  l ine .  

5 ,  t i m e  can be measured from t h e  i n i t i a l  load decrease i n  h o i s t  

l i n e  u n t i l  t h e  sa fe ty  device catches on the  sa fe ty  l ine .  

t i m e  is the actuat ion t i m e  for t he  sa fe ty  device and t y p i c a l l  

ranges from 0.05 t o  0.15 second. 

Up t o  f i v e  var iables  arc 

Traces 1 and 2 are sa fe ty  l i n e  loads, 

When traces 1 and 2 are compared t o  4 and 

This 

Safety Cable Loads. The r e s u l t s  of t h e  1000 foot chimney 

simulation are l i s t e d  i n  Tables 1 and 2. 

tests performed during t h e  f i r s t  test session (10,  11 June 1980). 

These tests w e r e  conducted pr imari ly  f o r  demonstrative purposes 

and some data  may be incons is ten t  s ince  f e w e r  var iables  were 

Table 1 includes 

d 
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Figure 8 Detail of Typical Oscillograph Plot 
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I 
Static or Break Load Ave. Max. Force Safety Device 

( lbs  1 (kips) 
T e s t  # Dynamic* a t  I n  Cage.. I n  Safety Cables Actuation 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

* s1 
s2 
S3a 
S3b 
s3c 
S4a 
S5a 
S5b 
S6a 
S6b 
S7a 
saa 
S8b 
S8c  
S9a 
S9b 
s 9 c  
S9d 
S 9 e  
SlOa 
Slob 
SlOC 
SlOd 
S l o e  

cage 
cage 
cage 
cage 
cage 
cage 
cage 
cage 
cage 
cage 
hois t  
ho is t  
hoist 
ho i s t  
ho i s t  
ho i s t  
ho is t  
ho is t  
ho i s t  
ho i s t  
ho i s t  
ho is t  
ho is t  
ho i s t  

0 
800 
800 
800 
800 

1000 
400 
400 

0 
0 
0 

800 
800 
800 
800 
800 
800 
800 
800 

0 
0 
0 
0 
0 

- 3.68 
4.54 

10.44 
1 1 . 6 3  
11 .85  
1 1 . 9 5  

9 .75  
10 . 11 

9 .09  1 

9 . 3 3  
1 .62  
2 .59  
2 .68  
2 . 7 2  
7 . 9 2  
8 .60  
9 .99  

10 .15  
10  . 32 

5.53 
7 . 6 2  
6 . 8 9  
7 . 0 3  
8 . 3 5  

worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
workcd 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 
worked 

I .  *Dynamic = Hoisting Down 

~ 1. .  
~ 

I 
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I 
I 

the highest  loads occur - 

conf igura- I 
'I 
I 
I 

t i o n  was tested with th ree  dissimilar personnel cages and the  

r e s u l t s  are p lo t ted  i n  Figure ts are consis tent  . 

and indicate  that a properly adjusted safe ty  device w i l l  pro- 

duce predictable loads i n  the safe ty  cables.  

. - 

Analysis of t h e  data  p lo t ted  i n  Figure 9 y ie lds  the  fo l -  

I lowing linear r e l a t ionsh ip  between safe ty  cable force  (F) and 

weight of personnel cage (including &cupants and headache ball)  : 

I F ='3.01W + 645.4 

This is a conservative estimate of the highest  force imparted . 
- 

t o  the safe ty  cables s ince  this simulation is more severe than 

. .  most f i e ld  cases. 

Stationary and hois t ing  up t e s t s  w i t h  cable break above 

the headache ba l l  caused lower forces i n  t h e  sa fe ty  cables 

than i n  the hois t ing  down tests (Figures 1 0  and 11). 

In  a l l  cases tested, cable break between the footblock 

and hois t  caused lower sa fe ty  cable forces than the correspond- 

ing tests w i t h  cable break above the headache ball. 

Safety Device Actuation. To confirm the sa fe ty  device 

actuation, various tests w e r e  performed. 

sa fe ty  device actuat ion occurred when the cable break is be- 

tween the footblock and t h e  hois t .  

a t  the  test f a c i l i t y ,  t h e ' s a f e t y  device actuated properly 

when the springs w e r e  co r rec t ly  adjusted. 

The worst case f o r  . 

I n  a l l  t he  tests performed 



n . .  18 . . .... .... , .  . 
.--, .*.. ... .... . .- . - .... .... . . .  . . .  .... . . .  .... .... 
It . . .  .. .... .... 
. . . .  .. ... 

. . .  i . . . . .  / ..:..:.:.:--::-:..; . . . , .  ' . . i  

... ... I:: . .! . .  .: . . . .  ,....,. . .  .. I . . . . .  ....... ...--.-.- . . . .  ... : . f .  . . .  ... ... . : . . : i :  
. . I . . . .  1 .  ..... . * .  I :  

....... I . . .  . ...,. ..... . . I  . . . . . .  +JP&&+<; .... - 
i . . . .  . . . . .  .... ,.... ............. ....... I . : : 1 HO!l*T"iDd . 1 :  :'; . . . . .  ......! 

. i  # , . . . . . . .  
. . . . .  .......... . . . . . .  . . ,  . .,.. 

* .  ..;. .. :i.: 
I I .  . *  .... , . .  . I  I . 

)..... . , .  i . , ..... 
:;. . I 

... 

....... ....... 
... . .  

. - i i  

..-- .*--.. . . .I ...'.... .... . ? : I  .... 1 . .  . . . . . . . . .  . . . . . . . . . . .  

)..; .; .... i . 
.: ! 

i I .  
... L ......... 1 .  . .  I 

I 
I 
I 4 

ai 
a .  

9' E 

1. 1; 
u r  c X 

i 

I 
I 
L 

0 :  

I 
1 
I 
1- 

. . . .  ....... 
I . . .  1;: 

' 2 . .  ..... .,.. 
. .  ....... 

. I .  . : . . . . . .  . . .  I '' ;.. . . I  . . . . . .  I . .  i . . . , .  . . .  :.. I .  . .  . ,; . :  . . .  i -.-- . . . . . .  I ....; . :  . .  I . I .  i . . . I .  :':::' . i  ......... ~ . . .~ : .  :..- ~:.~!..:., . . .  
. . . . .  I . . . . . . . .  

.... i:.;.i:: ..i. 

. . . . i : : : :  ...... I '  

. . . . . . . . . . . .  .... 
.............. .:::I_. .... i . . .  I.. ...... .;  . . . . . . .  . . . . I .  ........ ....,. . : . . .  . . I .  

.... 

. .  .... . . .  .... .... 

. . .  .. .... .. ... 

... * .  . .  

.... 

... 

..... 
.. . . _ .  
.. . .  - ... ... .... .... .... ... .... 
. .  - .... .... .... ... 

--I .. .... ... . . .  

. .  *.:.I:: ... . .  1 : :  . . .  : .. 

.......... 
I . . .  . ,  

I . . .  

.... ... 
I : . : I ,  i 

rn .. .!. . . . . .  ...... . . .  
C. . , , . I.: . ; . , I .  .... .... I:  - q' . . . . .  
. - a .  . 

. .I . ! . . : '  ::.! . :-I;* . . . .  .... _. 
. .  . .  
.- ... 
. . .  ... 2.q . . .  

. . .  . . . .  ...- ... .... .... .... 

. .  

.--. 
e . .  . . .  .... 

.... 

._-. ... . . .  ... . .  
*- . . .  . .  
. .  

.. 

.. 
$ 9 . .  .... I :  . I . . .  . . I :  . . t  --f . . . I  : : < .  2.- . : . . . .  . . . .  .... I .  .. . . . . . . . .  ::::! : . .  . . . .  -. . . . . . .  

................. 

... ! . . . . . . . . . . .  ,. . ?... . . . . . . . . . . . .  1 : ' '  
, . I .  ? ! . .  

. . . .  . . . . . . . . . . .  . . .  .. -- ... .:.; . . . . . . . .  
* . I .  t . . .  ..:.l*q:. .... :;:; . . . . . . . . . .  ;:: / I i _ ;  i l j .  .I... . I  :i . .  ... 
..,. . . . . . . . . . .  

. . . .  I .... . . . . . . .  . .  . . . .  i . . . .  I . . .  . . . . . .  
. I . .  
I "  . . .  _ ._.  

. . I _ .  
. .  .. - . .  

:': ... ... .. ... . .  ... - ... ... ... . . .  ... . .  . .  
. . .  

. . .  * . , ; , :  :+ i .  
. . !  . .  * .  . . . . . . .  I .... 

. . .  * I "  . 
#.-+-&E 

- . . .  . . . .  - . . .  . . . .  
. . . .  ... . -. . 
i . . .  
. . I .  .... 

. . . . . . . . .  .... !:::I:::!: . . ! . . ; : i ; ; :  
*..". - ..-...... -.....-. . . . . . . . .  . .  

.... .... ..-- ... .... * . : . I  .. i  I f : . -  .... .. .... --j-1-- _ .  
. . . . . . .  . . .  . : : I : ' :  .. . : .. .................... 

. , . . I .  . .  . .  I . .  . . .  I i .. I '  ... I . : , . : . .  ..". ..... 
. . . . .  . ' " ' : . I : : :  ::I : 1 ;. .1 i i i:.: i ; i ;  .::. : . . . . . . . .  I . . .  

... . .  . .  .. 
. . .  .... 

. . .  . . . . ! . .  . . .  
. . . . . . . . .  

. _ ,  :..:.I . . . .  .: ............. . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
.:.: ::.LA: :, 

. ..: : : .... 

. . . .  1 ::: 

... !... . . .  



...,.... .. I .  
1; :.; : ::: 1. :; . ............. i 

: . f  j ....... I : ; ' i . ) j '  
.;... I;.::!. . .  

. . .  , . . . .  
"'I .... 
. . . .  . . . . .  ......-. ..;.::14 
: :: :: ;: 1; ::.! : ... 
. . . . . . . . . . . . . .  ... I . . . .  j .  I ....!.... ... I..:; ...,.... . ?.. . ...., . 

; . . . . I . . . . ; .  . .  

:;i :: :.; i:; i :  1 :: i :  I : ; 

KEQ. . . . . . .  - .  SLE: 
. . . .  
!€AL 
\ti . .  3 
'. . 
. .  
. .  
. .  

. .  

TlA . .  
.. ~ ..... 
. . .  . . .  
! .  ..... 

.! ., . .  ...... 
! '  

.. ... ..... .. . . .  
~ .. . ,  

. I  ......... 

. . . . .  
. .  I . . . .  

. . i  I . . . ,  
. : I  . 

.... 4 .  . .  
. .  I . . . .  

- . . i  , I T :  .... I .... . . .  I . . .  
. I .  . 

' .  I : ' . ;  
: : : : I : : :*  
' . . ! .  ' .  
' :  ' ! ' " '  
. .  * 

. .  . I .  . .  . . . . . .  
8 . .  . .  

' . i  
, . I  . .... ._I. 
: :  . I . . ;  
! . .  i . .  . . I '  . . .  , . .  I : . . :  

,-' - : 1;: 
, ; ;  I : . : :  

... ...I :::: 
' i : : :  .... , .... 
' I .. i .  I . . .  

. . . . .  

... 

. . .  
... 

. . .  ... . .  
. .  . .  .... .. , . . .. I . . .  ... ..i:::, 

.:;.::. 
-__I ....... ... I . . .  

t . . . . . .  . . . I .  1 . . . . .  ...I: : I :  -r . . . . . . .  
: ! : I : ; : :  
, : : I : : : :  
. . . . . .  
. . . . . .  - 
: : : I : : : !  
: ' : I : : : :  
. : : I : : : :  
-7 

. . . . . .  

........ 

. . . . . .  >:?:;I! ... ... I : ; . .  
--I--:- 
...,. . 
. .  . . . I : .  : 

: . I : ' :  ~ 

. . I  .......... 
I . .  . 

.%;. ... 
. I  .. I 
. I  .... i .  .. . .  

... . . .  .. 
.... 
.... ... . ...- 
. .  

. -- . ... .... 

..... . .  

.. .. .. .. 

.. .. 
i 

* : I  
;! 

i 

I 

. . .  .:  .. . . . .  

...... .I ......... . . . .  . . I .  1 ;  . .  :* . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . .  .. : : : : I  .:, :.. . . . . . . .  . . . . . . . . . . . . . .  . . . . . . .  I : .  . . .  '..* . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  .... . . / :  . . . . .  
-..I.. --., '7.. ..... 
. . . . . . . . . . .  I . .  

.......... 
..: . : . . i  ..I":: 

. . . .  , . .  1.::: ....I ......... . I  I 
. , . . , . . . .  . I .  .. . _ . .  1 ' * .  I..:: . .  . 



I 
I 
I 
I 
I 
I 1- 

ii 

I 

1 .. 

if A 

1: E X  

ip 2 

4: 

i' !!! 

I 

ClI 

I 
I 
I 
. .  

. ,  
I .  .. 
a .  

. /  i .  

.. ... ... . . .  . . .  . . .  ../ ,.. 
. I .  . * .  
... . ? .  

. .  . . . .  

......... . . . . . . . .  :.+;: 
::!!I::; . . . . . . .  
. . . . .  
I .  , : a , .  
..--I-. . . ' I ! . . '  

... I . . .  . 
: : : I ;  : ; :  

!::I:::: 
. .  . . . . . .  

. . . ) . . .  . ...... . . .  

. . . .  :V ........ . . . . . .  

. . . . . .  : . : i : . : :  ... 1 .... .. : I . . . .  .:,... ! . . I .  

. ...d .... ... ..I.. . .:. . ..i .. 

. .  . . .  . .  . . .  
. .  . . -  .... . .  . . .  
. .  

1 .  . 
. .  .̂ - . . . .  . . .  

. . .  

. . .  
1 . i '  

.. .. .. 

.. 
-7 
.4 

.. .. - 

. .  . .  

. . .  . I  . .  
! . .  . . . .  

..:.I.. . .  .::.: 

. I '  : 
. I  

I .  
-.-&-.-.--. .... ..+:: . .  . 

. I .  

I '  : 
::+ . . . . . .  I ' 

.- .---.. 
!.. : . . I  . ..)..... I ......... . . .  . . . . I "  i .. . . .  

I -. , ;. . - ... , .., . .. . . . I  .: 
. . .  I..... . .  . 1 . . . .  ........ 
,... . .  

. i  . . . .  i .... i .  . ./:_ I::::!.: . .  

.............. . I  . . . . .  b '  ... 
I . . . . . .  . .  ..I:.:. ............ .- ... 
; i i  

. . A  . . .  " i . :  
" : :{.t --. ... . . I  . . .  . I . '  
.: :" ......... 

. . . . . .  ... ) 

. . I .  

..... 1:::: 
I : : : '  
I . : : :  
.... 
.... 

I . . . .  

iiij: 
.... ... 

I . .  

. . . . .  . . I  ......... 

. . .  . . . I  . .  1 . .  . 
. . . . ,  . . . . .  . I . . . .  : : .. !I : .... 1: : ;.: L - . 

. . . . . . . . . . . .  . . . . . . . .  . .  . *:-I-- ! . . .  I . . .  I:;.. '.:.!::.. 
. . .  . . , I . : . : : : . . : '  : : . !  ' . .  
. . I  . . .  I . .  

age. 20 , -..--_-- . . .  . . . . . . . . .  . . . . . . . . . . .  , 
. . . .  !::..:..' : 
. . . . . . . . . . . .  . . . . .  .....- 1 ........... . . . . . .  . . . . . . . . . .  . .  I . 8  . . . . . . .  
.I-.- -.-. .. ,. . 
. . . I .  +::I::.:: . . . I  . . . .  
: . .  I . : . . !  . . : :  . . I .  :: 

.... i .. ) . . . . I . .  . . . .  1 . .  ,. .. .... . . . . a .  . .  . . .  . . !  i. . i ..::: , ' 
: , , ... . .(." i .... I 

..--> I 



Page 2 1  

I 
I 
I 

I 
I 
I 

accelerations (5-10 g) obscured near ly  a l l  usuable data  from. 

tests on l o ,  11 June. The high frequency acclerat ions were 

caused by s t i f f  components of t h e  personnel cage roof where 

the accelerometer was mounted, During t e s t i n g  on 16 July il 

two-stage low-pass f i l t e r  w a s  used ' to  screen out  high fre- 

quency s igna ls .  

The highest  sustained accelerat ion (longer than 0.1 

second d u r a t i o n )  was 1 - 4 5  c j .  This  va lue  was rccordcd i n  nu- 

merous tests and is a good estimate of maximum sustained accel- 

e ra t ion  i n  a personnel cage w i t h  a properly adjusted safe ty  

system. 

Clamping Cam, The clamping cam has a hard a l loy  facing 

on t h e  end which engages the cable. 

found i n  the facing on new, unused cams. During t e s t ing ,  

cracks w e r e  observed on some of the cams, both before use and 

a f te r  repeated operation of the s a f e t y  system. 

w e r e  submitted t o  Pullman Power Products W i l l i a m s p o r t  Metal- 

l u rg i ca l  Lab for  fu r the r  invest igat ion.  

t h i s  invest igat ion is contained i n  Appendix D. 

concludes that  the cracking i s  not  detrimental  t o  repeated 

operation of the sa fe ty  device. 

Radial cracks have been 

Three cans 

A f u l l  report  on 

T h i s  report 

900 Foot Chimney Simulation. 

. chimney simulation are l i s ted  i n  Table 3. 

Results of t h e  900 foot 

1 
I 
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s ingle  drum hois t .  

The ho is t  l i n e  w a s  routed ovc lock and two 

by a l l  m e m b e r  chimney companies during construction. A quick- 

release device w a s  used t o  simulate a h o i s t  l i n e  break above I 
the cage or between t h e  footblock and hois t .  

Occupant weight w a s  simulated by using weights ' in the  

personnel cage. Horizontal acce le ra t ions  w e r e  measured w i t h  

an electric res i s tance  accelerometer. 

l i n e s  w e r e  measured w i t h  through-type s t r a i n  gage load cells . 

at tached t o  t h e  l i n e s  w i t h  s t rand  chucks. Load cells w e r e  

e l ec t ron ica l ly  calibrated during setup. The accelerometer 

w a s  calibrated using t h e  1 g acce lera t ion  caused by gravity.  

Forces i n  the  safe ty  

Power supplies,  ampl i f ie rs ,  f i l t e rs  and osc i l lograph .  

were set up on the  workdeck near  t h e  t o p  of the  chimney. 

111.3.2 Procedure 

The cage prepared a t  the Kansas City chimney simulation 

f a c i l i t y  on 1 6  Ju ly  1980 w a s  used i n  the  f i e l d  test. 

cage tests w e r e  performed with the following simulated occupan 

Personnel 

. weights : 
1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 .  
I 

I11 . 3 .2 Procedure (Continued) 

C a b l e  B r e a k  Between Footblock and Hoist, 
Personnel Cage Near Ground Level 

Stat ionary (about 250'/min) 
Hoisting Down 

Empty E W t Y  

8009 800# 

C a b l e  Break Between Foo&-lock and Hoist, 
Personnel Cage Near Cathead 

Stationary 

800t  

I11 . 3 , 3 Results 

Safety C a b l e  Loads. Oscillograph p l o t s  of the  

tests a re  l is ted i n  Appendix C. The r e s u l t s  of t h e  

Page 24 

f i e l d  

f i e l d  . 

tests a t  t h e  900 foo t  chimney are listed i n  Table 4 .  The 

loads i n  the  safety cables w e r e  equal t o  o r  less than i n  t he  

simulations f o r  a l l  cases except the s ta t ic  case w i t h  the  

personnel cage near the  cathead. I n  t h i s  case the  safety 

cable loads w e r e  higher than similar simulations but lower 

than the  cri t ical  dynamic (hois t ing down) case, 

Safety Device Actuation, The sa fe ty  device w a s  set up 

w i t h  minimum spring compression as described previously 

(111.2.2) , The sa fe ty  device actuated properly for a l l  f i e l d  

tests. 

Accelerations i n  t h e  Personnel Cage, The maxhum hori- 

zontal  accelerat ion perpendicular to. t he  s a f e t y  device was 
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111.3.3 Resul ts  (Continued) 

3.4 g. This occurred once a t  approximately 40 Hz. 

grea te s t  acce le ra t ion  w a s  0.4 g a t  approximately 5-10 Hz. 

The next 

The maximum horizontal  acce le ra t ion  p a r a l l e l  t o  the  safe ty  

device w a s  2 g. 

quency of 40-60 Hz. The highest  recurr ing accelerat ion w a s  

This a l so  occurred a t  a r e l a t i v e l y  high f re -  

-- 
0.8 g a t  approximately 5-10 Hz. -_ 

During t h e  horizontal  acce le ra t ion  tests and many other  

tests, t h e  cage s b e d  with negl ig ib le  high frequency lateral  

displacements. 

slow o s c i l l a t i o n s ,  typ ica l ly  1-2 Hz, with corresponding accel- 

e ra t ions  less than 0.05 g. 

The only appreciable la teral  movements w e r e  

I11 . 4 Discussion 

The dynamic t e s t ing  provided a severe environment f o r  

transducers and instrument w i r e s .  Load cells and accelero- 

meters w e r e  damaged and instrument w i r e s  w e r e  frequently 

broken. 

rupted o r  unusual output. 

T h i s  explains those osci l lograph p l o t s  w i t h  in te r -  

111.4.1 Safety Cable Loads 

Safety cable  loads have been accurately measured f o r  

various simulated ho i s t  l i n e  breaks a t  the Kansas City facil- 

i t y  and i n  t h e  f ie ld .  

(Page 15) for  t h e  Kansas City tests and i n  Table 2 (Page 16) 

for  t h e  f ie ld  tests. As expected, t he  dynamic tests (hoist-  

ing  down) lead to grea ter  s a fe ty  cable forces. 

These measurements are shown i n  Tab le  1 

. 
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near the  cathead than when the  cage w a s  near the  foundation 

(compare tests FA1 with t es t  FB1 - 
personnel cage i s  near the foundati  ver, t he  hois t -  _ -  
s ide  cable merely counterbalances the  weight of t h e  cage-side 

cable. I 
The ca lcu la t ions  i n  Appendix E show t h a t  t h e  safe ty  ' 

cable forces  are a function of t h e  cage weight (W), t he  S t i f f -  

ness  of the  sa fe ty  cables (k), t he  clamp ac tua t ion  t i m e  (to) 

and the  i n i t i a l  ve loc i ty  of t h e  cage (v,) . 
the  forces  are l a rge r  when the  frequency of t he  system is  

la rger .  

I n  p a r t i c u l a r ,  

The combined s t i f f n e s s  of t he  t w o  s a fe ty  cables  i s  

k = -  2AE 
L 

so t h a t  a longer cable y i e lds  a l o w e r  s t i f f n e s s .  

the  s t i f f n e s s  of 20 f e e t  of  cable with t h a t  of 900 feet  of 

cable , 

Comparimg 

k = 12,800 lb / in  

k - 285 lb / in  

2 0  . 
9 0 0  

The frequency of  t h e  sa fe ty  cable-cage system near  t h e  cathead 

and foundation are 

- 12,800 = 51.6 rad/sec - 2760 - 9zO 

= 6.32 rad/sec 
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near 

the cathead, the  much higher  a t  system can 

lead t o  l a r g e r  sa fe ty  cable forces,  

The second apparent inconsistency occurred i n  the  static 

test f o r  a break above the  personnel cage. Since no ho i s t  

cable is  being overhauled, the  test f a c i l i t y  r e s u l t s  and 

f i e l d  r e s u l t s  should be ident ica l .  The sa fe ty  cable forces 

observed i n  the  f i e l d  are higher when comparing T e s t  S2 from 

Table 1 w i t h  T e s t  FC1 f r o m  Table 2. T h i s  discrepancy is ex- 

plained by the  difference i n  frequen&. 

the personnel cage was approximately 5 0  feet below the  cat- 

head so t h a t  t h e  s t i f f n e s s  of t h e  safe ty  cable system w a s  

A t  t he  test f a c i l i t y ,  

k = 5100 lb / in  

Therefore, t h e  frequency of t he  f i e l d  system w a s  higher than 

5 0  

the frequency of the  test  f a c i l i t y  system. The forces m e a s -  

ured i n  the f i e l d  f o r  t h i s  test  w e r e  higher than the  forces  

measured a t  the test f a c i l i t y .  

111.4.2 Safety Device Actuation 

The sa fe ty  device actuated properly for a l l  tests i n  

which it w a s  adjusted as detailed i n  Section 11.3.1 of t h i s  

report .  A s ta t ionary  tes t  with cable break a t  the footblock 

w a s  used t o  ve r i fy  proper ac tua t ion  of the sa fe ty  device. 



highest acce le ra t ions  occurred a t  high frequencies and would 

not be detr imental  .to personnel i n  the cage. 

111.5 Endurance Testing 

111.5.1 Procedure 

- 

I n  t h i s  series of tests,  t h e  2160 pound cage was s t a t i -  
i I 

tally tested w i t h  break above the  600 pound headache ba l l .  

The sa fe ty  d%vice was adjusted as detailed i n  Section 11.3.1 

of t h i s  repor t .  T h i s  session w a s  composed of four sets, each 

set cons is t ing  of 36 drop tests f o r  a t o t a l  of 144 tests. 

The v e r t i c a l  personnel cage posi t ion was determined by meas- 

uring cage loca t ion  before and after each test. The clamps 

w e r e  removed and examined f o r  w e a r  after each set. 

I11 . 5 . 2 Results 

T e s t  r e s u l t s  are tabulated i n  Appendix F. No noticeable 

clamp w e a r  w a s  detected throughout the t e s t i n g .  The safe ty  

device actuated properly i n  each of these tests. 

I *  

_ "  

;' 
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1. A procedure i s  presented fo r  ca lcu la t ing  the spr ing  

force required for sa fe ty  device actuation. 

2. The ex i s t ing  sa fe ty  device, when properly adjusted,  

w i l l  engage the sa fe ty  l i n e s  and s top  the descent of t he  per- 

sonnel cage when the h o i s t  l i n e  breaks. 

3.  The accelerat ions in s ide  the  personnel cage during 

an emergency s top  are not severe enough t o  be detrimental  t o  

occupants . 
4 .  Throughout t h i s  program, t h e  personnel cage sa fe ty  

system w a s  reliable and perfomed the function f o r  which it 

was intended. 
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opedto compute the time . 2 O f  3.1. 

5. T p I i I N T 8  the tim increrent (in seconds) at which the the  history data is to 
0 u t p u t t e d 8  

6. -8 the specified OOIlstant force (in pounds) at tSe downside end of the 
s w  cable8 

and 

7. VEFtr8 a positive value for the case W(LIMIT) is a s h  to be hanging (i.e., 
Figure No. 2 of Appenaur ' B.1 applies), 

theprogram: 

I. Starts by c a p t h y  (at the tim of release): 

a. NF-the n b  of amcentrated mss pints cn the nmcage side of the cable 

I 
I 
I 

., . 



IV. 

V. 

VI. 

I .  

c. f o r a l l 2 e J S N F  I 
W(J) = the product of XLl ivided by XNF 

d ,  for all N F  J C LIMIT, 

WJ = the product o f  XL3 and-WTCABL divided by XNB 1 
the cornputcs (in slugs) tho, rcspcctivc, masses W(J) of tho conccntratcd weights W(J) 

then computes F(1, J); the init ial or static forces (in pounds) in the system just before 
release. That is: 

a. for 1 = J I N F ,  . 
I .-. 

l=1 

b. for N F  < J 4 LIMIT c 

c. for J = LIMIT F(I, J) = FLlMlT . 

' Then computes the init ial velocities, accelerations and displacemcnts of eoch of the 
concentrated mass points, under the assumption that the system was at rest and the 
backside cable was quickly released from the weight W(LIM1T). More specifically, 
by defining for each of the J mass points: 

. a. VEL( 1, J) = the starting velocity (in feet per second) at the beginning of any 
time increment, T. 

ACC EL( 1,1) = the starting acceleration (in feet per second squared) at the 
beginning of any time increment, T. 

DISP(1, J) = the starting displacement (in feet) at the beginning of  any time 
increment, T. 

b . 
c . 

I .  

I' 
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a. for  the J mass points that: 
VEI.( l ,J)  = 0.0 
DISP(1,J) = 0.0 
lor ZllL J C Llhll'l' 
ACCEL(1,J) = 0.0 

b. 

. Uld 
c. for  J = LIMT 

i . Tot- VI'.IPT> 0 
ACCEL(1,J) = F(1,J-1) - N(J) - F(1,J) 

bl (J) 

VII. 

ii. for VERT f 0 -- -- 
ACCEL(1,J) = 

T f! thc* nhovc ini t i n 1  condi t i o n s  ilrc not ncccpt;ihl c to thc iiscfr, thc progr;im 
allows a t  t h i s  point the-capability t o  ovcrride thcse valucs. bbre specifi- 
cally, following the input instnictions given in  -.SA, the user 
can use thc input variables XINIT, XJ, VELORG, ACCOIG, and .WRG t o  assign 
;my spcci Fictl v;iIttcs for i n i t i a l  Vlil ,( l , .J),  ACCl~I.~L,.I), ;tiid l)lSl'(l,.Jj for 
for  any J mass point. IVhcn assigning such valucs, tlic uscr n u t  kccp in  
mind that the progriiitniml s ign  .convention is such thiLt a l l  volocitics, 
accelerations, and displacements consistent with a counter-clockwise 
movenicnt of Figurc No. lof - B , l m C  positivc. For csnmplc, i f  thc 
mancage lare moving upward%lstant velocity a t  t l c  timc of relcasc, 
t h i s  wuld  require a negative VELORG t o  be assigned to  a l l  the J mass points, 

. 

VlI1. A t  th i s  piril:  tlic progrim cxpccts to rcirrl i l l  values lor 
a. SPRW = tlic spring constant (lbs. pcr foot) dcsii-cd botwccn W(1) an 

b. SP16ElWie i n i t i a l  spring force (in pun&) bctween W(1) and N(2), 
c. ECABE=the modulus of e l a s t i c i ty  (in pounds per square inch) of the 

support cable, 
d. AWLE=the cross-section area (in square inches) of the support 

cable, 
c. FRICT(l)=thc' fr ictional loss ns tlic cclhlc passcs ovcr Support A 

(i.e. , a Jiniensionless decimal fraction), 
f. kYtlCI(2)=tlic frictional loss as thc cablc passcs over Support B(i.e., 

a dimensionless decimal fraction) , 
g. FRICI'(3)=thc frictional loss  as the cable passcs over Support C(i.e., 

il dimensionless decimal fraction). 

W) s 
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X. 

XI . 

XII. 

Xlll .  

~ 

for K(1), the program assig 

b. for 1 e J < NF: K(J) = ACAB 

c. for J =  NF: K(J) = ACABLE (ECABLE) 

and 

(XLl/(XNF+l)l 

[XLl/(XNF+lJ + XL2 + [XL3/(XNBkI)J 
- ._ 

d. for NF J < LIMIT: K(J) = ACABLE (ECABLE) 

At this point thc prograq has boon writtcn to assign tlic initio1 COLIC forces to 
an array FO(J). These are the forces associated with the spring constants K(J) 
just prior to the instant 0.f release. 

The program then computes and prints out ACRIT, the critical acceleration (in 
feet per second squared) at which the weights W(1) and W(2) w i l l  no longer be 
assumed to move, simultaneously, together. It computes this value aS: 

[XL3/(XNB + 1)l 

ACRlT = W(l) - FO(1) 
M( 1) 

Then for each o f  the concentrated mass points, the program, then, l i s ts  its, 
associated, computed W(J), M(J), FO(J) and K(J) values. 

When the program reachs th is  point o f  the analysis, i t  i s  ready to begin the compil 
o f  the time history data. To accomplish this, the following variables are used: 

a. TIME = u&d to accumulate the total time (in seconds) from the moment of rele 

b . ACOUNT = a counter that keeps track of  the number:of i'terations in order 
assure the value specified for COUNT i s  not exceeded, 

CHECK = a variable used to indicate whether or not ACRIT has been reached. 
That i s  once ACRIT has been reached, CHECK wi l l  be assigned a value of 1.0 

.to indicate that in al l  further interations i t 'wi l l  no longer be assumed that W(1) 
and W(2) move, simultaneously, together. 

c . 

I. 
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d. T = a variable used to give the time increment ot which the next iteration 
or time history data i s  to be compiled. 

VEL(2,J) = the computed velocity (fps) for M(J) at the end of the time increment 
T, 

e. 

f. DISP(2, J) = the computed total displacement (feet) for M(J) ot the end of the 
time increment T, 

g . .ACCEL(2, J) = the computed acceleration (feet per second squared) for M(J) at 
the end of the time increment T. - 

h .  F(2,J) = the cable force (in pounds) between M(j) and M(J+l) at thc cnd of 
the time increment, T. 

ACHECK = i s  the acceleration to be ossigned to W(l) and W(2) as long as 
ACKIT i s  not reached. 

i. 

i. DlFF = the fraction difference between ACHECK and ACRIT computed as: 

ACHECK - ACRlT 
ACRIT 

k . F1 = 1 - FRICT(1) 

I F2 = 1 - FRICT(2) 

m. F3 = 1 - FRlCT(3) 

n DlFS = the relative displacement (in feet) between W(l) and W(2) compu.ad 
as W(2) displacement minus W(1) displacement. 

bbre specifically, after beginning by setting: . 

. TIME = 0.0 
. ACCOL" = 0.0 
ma = 0.0 
T = UELT 

thc following progriuinircd stcps iirc rcpcatcd: 

S'I'EP A: Cliccks to see i f  A C O W  excccds the spccificd value for COUNT. - it --- does, then the cmalysis is ended; otlien~isc tlic analysis proczds 
to STEP 13. 

If 
. 



SrEP c: 

SITE' 1): -- 
SITl' E: 

Sl'W F : 

STEP G: 

STEP 11: 

. STEP J: 

STIT K: 
. .  

1. 

2. 

E-6 

I 
and displaccnicnts 

1 
1 
I 

DISP(2,J) = DISP(1,J) 

For a l l  nus point JSNF, thc 
as: 

F(2,.J) = FO(.J) - { K ( J ) *  [DTSPTz,.J+l) - 
Cliecks t'o see hiow many nuss points  havc hcen spccifiml on thc Imcksidc 
of tlw c a b .  More spccil'ically, if (NU'10) thcn SllP I: is s k i p j d .  

Ii'licn (NU>O),  thcn for ( N F ~ . J ~ L l h l l ' l ' )  the cablc forces arc tlicn, also, 
computed'as described i n  STEP C; however, none of tliese F(2,J) are 
permitted to go below zer-. , compression not permitted). 

'llic force F(Z,LIMIT) ..is set equal to. specifid valuc for r$nirr) - 
The program then checks to  sce i f  ACRIT Iws bccn reachcd. That is, i f  
thc ~ i ~ r i . i ~ b l c  CJIECK i.s p x i t c r  than ZCI'O (0.0) :it this pin t . ,  thc il~lillysis 
is rooted t o  STEP L. 

Here the program computes the acceleration ACIECK as: 

.S*ACCEL(~,J) * *t2J) 

t: t-ic clld of *r arc c"l,q,utcd 

Otherwise, t l le  analysis procccds to  STJY 11.. 

1 
h'(1) + W(2) - F(2,2) 

M(1) + M(2) 

'IIrc l>I*O~;lgilIll tlic!n COIII~GII 'C.~  ACI I I i C X  to ACRlT. 
than ACRIT, then both accelerations ACCEL(2,l) and ACCEL(Z,2) arc 
assigned tlic valuc computed for AQECK and the  analysis process to  
STEP M. 

1 r ACIIIICE is riot gixxitcr 

Otherwise, STEP J is next. 

A t  this point i f  
rooted t o  STEP L. 

CHECK is greater than zero (0.0) , the analysis is 
Otherwise, STEP K is next. 

IIcrc thc value DIFF is coniputcd, and as long as  it is grcatcr than 
0.001, then T is reduced by 1/2 and the analysis returns to  STEP A. 
Othenvise, it is assumed that DIFF is small enough to  assume- 
ACRIT has been reached and the variables: 

CHECK is set.equa1 to  one (1.) and 

T is. reset  t o  DELT for a l l  further i terations.  

The analysis is thcn rooted t o  STEP L. 
*.  

I : 

.. , 
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STEP bl: 

STEP N: 

1. 

c tll t tlic 

--- 

CliJ  c i f  thc ti 
B-7 
.nlc 

ACCEL(2,2) = 

and the anal 

Thcn thc xcc l  crations for tlic I-CIIGI i II irig miss 
sidc of the support cablc (i.e., for 3 L J S W) arc coinputcd as: 

i 11 t s  oii tlic iiriiic;rgc 

ACCEL(2,J) = W(J) + F(?.,-J-l)  - F(2,J) 
bl(.J) 

Thcii on tlic bocksidc of tlic suppoi?t cablc, thc program coeiputcs thc 
cablc forccs as citiicr: 
I\licn ( N U S  0) , .I = (NI: + 1) lalhll'l' mcl 

i. for VERT30 

ACiXL(2,J) = 1:(2,WF) * F1 * F2 - W(J) - l:(2,La 
h1cJ) 

2. 

!jTEP 0: 

or 
Ivl~cn (NJ3 0) 

a. for J = (NF + 1) 
ACCEL (2,J) = rF(2,NF) * Fl * E] -- W(.J) - F(2,.J) 

M (-. I)  
b. for (NF + 2) J SLIhlIT 

ACEL(2,J) = F(2,J-1) - W(J) - F(2,J) 
M(J) 

c. for. J = LIMIT 
i. for W T S O  

ACUL(2,J) = cF(2,J-1) * F31- F(2,J) 
M(J) 

ii. for VERT20 

ACCU (ZJ) = F(2,J-1) - N(J) - F(2,J) 
M (J) 

Ilcre the counter, AColMT, is increased by one (1) and the clock, TTPE, 
is incrcascd by thc timc increment, T. 'l'his gives, respectively, the 
identification number and timc of the current iteration. 
point i n  the analysis, t he  i teration is the first (i.c.,  ACOUST = l), 
then before pioceeding to  STEP P, the program will list for each of the 
J IIUSS p i n t s  its in i t i a l  o r  start ing vclocit ics , displaccnicnts, cable 
support force, and accelerations, respectively, i n  units of (feet per 
second), (feet) ,  (pouxids), and (fcet per second scluarcd). 

Tf a t  this 



2. l%c rclntivc displaccmncnt ( i  CtWCcll W(2) and W(1). 

3. hrd for c;iclr or .J IIPSS poilrts, iLs:  

a. Velocity (in fcct per second) 

b. 'l'otul displuceacnt (in fcct) . 
c. Support cable force (in pounds). 

Uld 

do Acceleration (in fect pcr second squarcd) 

At this point, i f  1' cqurrls UEL'I', tlic PlUVl' t i n =  check variablc is 
increased to  thc  next t i n =  period by thc intcrvnl mount TPRIhT, 
before going t o  S E P  S. 

Ilerc the program checks t o  assurc tlw L)II:S docs not continue past  thc . 
value specified for 8lAX. More specifically, i f  at this point DIFS is 
greater than Sw(, the analysis is ended. Othcnvisc, tlic analysis 
procceds t o  SITP '1' 

Here the program gets ready t o  begin the next i teration by sett ing all 
required, period compiled data t o  their ,  respective, next period 
hcginning val.ucs. That is hcrc hcforc going Iwck t o  S1'1:.P A and rcitcrrr 
tirig the prograrml sets 

- 
-* 

- 
vEL(1,J) = VEL(2,J) 
DISP(1, J) = DISP(2 ,J) 
ACCEL(1,J) = ACCEL(2,J) . 
F(1, J> = F(2,J) 

for all thc J mass points. 

. .  
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Mancage Model Assumed 



(Wol 
I .  

W ( N F  +Z) L7-I 
I 

I t  



I 
r 
I 
I 
I 
1 
I 
I 
1 
I7 

I 
I 
I 
I 
c. 
I 
I 

1 
f 

-i 



. .  

I 
1 
1 
I 
'I 
I 
1 
I 

Appendix B . 2  

Input Dataset and 
Definition of Input Variables 

- 

~ 

I 



B.2-1 

I _I r -  
I’ 
I 
i 
I 
1 .  
I 
I 
i” 
I 
I 
I 
I 
I 
I 
c. 
I. 
I 

. .. 

XLl 

XL2 

XL3 

XNF 

XNB 

D ELT 

SMAX 

COUNT = 

WTCABL = 

WTPASS = 

WTBALL = 

W(LIMIT) = 

XINIT = 

. at the time of  release, the length of cable (in feet) between the headache i 

. ball above the mancage and the vertical support A. 

the distance (in feet) between (Support A) Ad (Support B). 

the distance (in feet) between (Support B) and (Support C) or when no (Support 
C) i s  assumcd i t  i s  tho length (in fcct) of cablc hanging from (Support 8) at tlie 
time of  release. - - 

the number of  concentrated mass points to be specified as making up tho cablo 
length XLI . 
the number o f  concentrated mass points to be specified as making up the cable 
length XL3. ..’ 
the specified (in seconds) time incremen? at which the time history iterative 
computations are to be completed. 

- F- 
maximum allowed relative displacement (in feet) between weights W(1) and 
we) 
the maximum number of iteration or time history computations to be permitted. 

the weight per foot (i .e. Ibs. per foot) cable 

the weight (in pounds) of the load in the mancage. 

the weight (in pounds) of  the headache ball above the mancage. 

the weight (in pounds) of  the headache ball on the backside of the mancage 
cable . 
a variable that allows the user to input an initial or starting velocity, accelerati 
and/or displacement to any o f  the concentrated weights or mass points specified. 
That is, if: 

a. 

b. 

, 

XINIT 4 0.0, then no Number 5 cards or record types are required. 

i f  XINITrO.0 then one Number 5 card or record type i s  required for each 
unit specjfied for the variable XINIT. For example, if a value of 4.0 is . . 
specified in  Field f o f  the Type 4 record, then four Type 5 records wi l l  be 
required for a successful run. 



I 

1 

XJ = the mass point b r  which the initial Val RG, ACCORG and S 

VELORG = 

are being specified. 

the init ial velocity (in feet per second) being specified for the mass specified 
by XJ on the given Type 5 record. 

the initial acceleration (in feet per second square) being ‘specified for the 
mass specified by XJ on the given Type 5 record. 

ACCORG = 

SORG = the initial displacement (in feet) being specified for the mass specified by XJ ‘1 
on the given Type 5 record. 

SPRCAG = the spring constant (in Ibs. per foot) desired between the manccge and i t s  
headache ball 

SPRSFT = the F, force (in pounds) between the mancage and i t s  headache ball os they 
move simultaneously together (i .e., their relative displacement i s  rem). 

tlic Modulus OF Elasticily (in Ibs. pcr sq. inch) OF Ilw coblc.. 

the cross-sectional area (in sq . inches)’of the cable. 

ECABLE 

ACABLE 

= 

= 

FRICT(1) = the friction loss (i .e. 8 a dimensionless decimal fraction) assumed lost by the 
. cable passing over (Support A) . 

the friction loss (1 ;e . 8 a dimensionless decimal fraction) assumed lost by the 
cable passing over (Support B). 

the friction loss (i .e., a dimensionless, decimal frdction) assumed lost by the . 
cable passing over (Support C). 

the .time increment (in seconds) at  which the iterative time history data i s  to 
outpu ted . 
a constant force (in pounds) that can be specified. IF the force is a tension, i t  
should be inputed as a positive quantity. 

FRICT(2). 
. 

FRICT(3) = 

TPRINT = 

FLIMIT =: 
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1 

00010 C f i  F.’FSOGRAM FOH ANALIZING 7”E riAN’AEjE ’ 8.3-1 
IIIENSION W(10 

10O)rF(Zr100) 

9 FORNAT(20A4) 
WRITE(br78) TI 
FORMAT(/IrlXr2 

00100 100 FORMAT(OF10*4) 
00110 c UTING THE 
00120 c 
00130 R E A D ( S r I . 0 0 )  X N  
00140 C NOTE; IF VERT IS ASSIGNED A POSITIVE VALUE PULLEY 93 DOES NOT 
00150 C EXIST? AND W(L1MIT) IS, ASSUMED TO BE HANGING, 
00160 C *  
00170 NF=XNF fz? 
00180 NB=XNH 
00190 L I M I T =  NF t MD +1 
00200 PRINT = TPRINT 
00210 c 
00220 C COMPUTING WEIGHTS (IN POUNnS) WITH 
00230 c WTCAGE = WEIGHT OF THE MAN CAGE‘ 
00240 C WTPASS = WEIGHT O F  PASSANGERS 
00250 c WTBALL = WEIGHT 0F)IEAUACHE BALI, 
00260 C WT(LIM1T) = WEXGHT O F  BACKSIDE CABLE WEIGHT 

00280 C XL2 = INITIAL TOPSII3E LENGTH OF CAEILE 
00290 C XL3 = INITIAL ‘BACKSIDE LENGTH. OF CABLE ATTACHED TO ANCHORAGE 

i 

00270 C .XL1 = INITIAL FRONTSIDE LENGTH OF CABLE ATTACHED TO MANCAGE 

00300 READ(3r100) WTCABLrWTCAGErWTP~8Sr~T~~LLrW(LI~I~)rXLlrXL~rX~3 

00320 Ut21 = WTBRLL 
00330 IF(XNF*LE*O*Oj GO 3‘0.4000 
00340 - DO 400 J=3rNF 
00390 400 W ( J) = (‘WTCABLXXLl )/XNF 
00360 4000 CONTINUE 
00370 IF(NB*LE*O) GO TO 4010 
00380 . N I.= NF t 1 
00390 N2=LIMIT-l 
00400 DO 401 JzNlrN2 
00410 401 W(J)= (WTCABL tXL3) / XNB 
00420 -4010 CONTINUE 
00430 C 
00440 C COMPUTATION OF MASSES 
00450 DO 402 3 = 1 r LIMIT 
00460 402 M ( J )  = W(J) / 32.2 
00470 C ‘ 

00480 C COMPUThTION O F  THE STATIC (11E.r JUST BEFORE RELEASE) FORCES IN PO 
00490 F(lr1) = W<l). 
00500 SUM = W(1) 
OOSlO DO 403 Jz2rNF 
00520 SUM = SUM t W(J) 
00530 403 F(lrJ) c SUM 
00540 SUM = o*o 

10310 W(1) = WTCAGE t WTPRSS 

11 

7 I 

1 
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SUM =SUM t W(J) 
00600' 404 F(1rJ) = F(1rNF) - SUM 
00610 4040 CONTINUE 
00620 F(lrLIM1T) FLIMIT 
00630 C 
00640 C ASSIGNING INITIAL VELOCITIOESI ACCELERATIONS AND MOVEMENTS 
00650 C A t  FIRSTr AS IF THE SYSTEM WAS AT REST AND THEN QUIKCKLY LET GO A 
00660 C .' IC-(ACKSIDE END 
00670 DO 405 J-lrLIHIT 

- i - -  I 
I 

UEL(lrJ)=O*O 
DISP ( 1 t J )=O 0 
ACCEL(lVJ)=OtO -- 405 CONTIEIlJE - 

. ACCEL(1ILIMIT) =( F(1ILIMIT-1) - F(lrLIM1T) 1 / M(LIM1T) 

1 IF(VER.1' *GT* O * O )  ACCEL(1rLIMIT) 
1 ( F(1~LIMIT- l ) -W(LIMIT)-F( l rLIMIT)  1 / M(LIMIT1 

00750 C Bt NOW ALLOWING FOR eN OVER RIDE OF THE ABOVE UELOCITIESr hCCELERA 
00760 C AND DISPLACEMENTS . 
00770 R E A L I ( 5 r 1 0 0 )  XINIT 
00780 IF (XINXT*LEtOtO) GO TO 407 I 00790 L = XINIT 

DO 406 I = l . r L  
READ ( 5 I 100) 
J=XJ 
VEL ( 1 I J )=NELORG 
ACCEL. ( 1 I J 1 =ACCORG 

X J I VELORG r CSCCORG I SORG 

00830 406 LII!W( 1 I J)=tiC)RG 
00860 c 
00870 C 
00880 C COMPUTATION OF THE CABLE SPRING CONST~NTSI K(J)r X N  LBS PER FOOT,  I 00090 407 READ(SI 100) S P R C n l i r G P K S E T , E C l l D L E , ~ ~ ~ C T ~ ~  1 rFRICT(2) r F R I C T (  

K(1) =SYHCAG 
SPRCAE{= (XLl/tXNFtl)) I (ACABLEIECABLE) 
DO 500 J=2rNF 

OOY 30 SO0 K ( J 1 =SPFCCAB 
00940 . SPRCAB=.(XL2) / (ACABLEtECABLE) 

K(NF) = K(NF) t SPRCAB 
00960 SPRCAB= (XL3/(XNBi-l)) / (ACABLEtECABLE) 
00970 K(NF) = K(NF) t SPRCAD 

100950 

IF(NBILEt0) GO TO SO11 
Nl=NFtl 
N 2 4 .  IMI T-1 
DO 501 J=N1 rN2 

01020 501 K(J)=SYfCAB * 

01030 5011 CONTINUE 
01040 DO SO12 J=2vN2 
01050 5012 K(J) = 1*0 / K ( J ) .  
01060 C 
01070 C ASSIGING NON STRECHED CABLE FORCES 9 FO(J) 
01080 FO(l)=SPRSET 

I 



I 

ic CRI-T? THE RCCELERAT D W(2) BEGIN 
01140 C NO LONGER MOUE TOGEHER AS ONE UNIT4 
01150 ACHIT ( W(1)- FO(1) ) / t I ( t J  
01160 WRITE(6r.85) ACRIT 

01180 l/rlXr'POINT WE I GHT ( LBS 3 LUGS) FORCE FO(tHS'p 

01200 N2=LIMIT-l 
01210 . DO 84 351 r N 2  
01220 83 FORHAT(' ' ~ Z X ~ I 3 ~ 3 X ~ F 1 O t 3 ~ 3 X ~ F l O o 3 ~ 3 X I F i 0 . 3 , 3 X ~ F l O t 3 )  
01230 139 LIRI'lE(CIr133) JrW( J) r M (  J )  rFO( J) r k ' < J )  
01240 W R X T E ( ~ ~ ~ ~ ) L I M I T P W ( L I M I T ) ~ M ~ L I H I T ) ~ F O ( L I ~ I T ~  
01250 c. 
01260 C BEGINING OF TkIE TIHE HISTORY COMPUTATION WITWTtiE CLOCK SET A T  TIHE=o+a 
01270 C 

1 

1 

01170 05 FOT{NAT(' ' 9 '  ACRIT = * Y F ~ Z * ~ ~ ' - F E E T  PER SECOND'r 

01190 2 3 ~ ~ 0  K (1-us wrt F T V )  

01280 
01290 
01300 
01310 
01320 
01330 
01340 
01ZSO 

-1360 
31370 
01380 
01390 
01400 
01410 
01420 
01430 
01440 
01450 
01460 
01470 
01480 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01&00 
01610 
-1620 

TIME =OtO 
A C 0 U N T = 0 
C1.IECK=0 t 0 
T=DEL'f .r. 

599 IF(AC0UNTtGTtCOUNT) GO TO Y9999- 
. DO 600 J=lrLIMIT 

VEL(2r.l) = W L ( 1  r J )  t ACCEL(lr3ItT 

DISP(2r.J)  = DISP(1rJ) t DISP(2tJ) 

110 ( 5 O i  .J=IrNF 

DISP(2rJ) = ( VEL(lrJ) t O*SXACCEL(lrJ)*f ) f T 

600 CONTINUE 

601 F(2rJ) = FO(J) - t i (J )b (  DISP(2rJfl) - SlICJP(2rJ) 1 
IF(NBtLEt0) GO TO 603 * 

Nl=NF+l 
N2SLIMIT-1 ' 

DO 602 J=N1 t N 2  
F(2rJ) FO(J) - K(J)%( DISP(2rJtl) - DISP(2rJ) ) 

602 IF( F(29J)tLEtOoO) F(2rJ) = O * O  
603.F(2tLIMIT) = FLIMIT 

IF(CHECKeGTtOo0) G O . T O  6101 
ACHECKs ( W(l)tW(2)-F(2r2) 1 / ( M(l)+M(2) 1 
XF(ACHECKtGTeACR1T) GO TO 610 
RCCEL (2 P 1 )=[CHECK 
ACCEL(2r2)=ACHECK . 
GO TO 614 

610 IF(CHECKtLEoOt0) GO TO 611 
6101 ACCEL(2tl)= ( W(l)-F(2rl) 1 / M(1) 

ACCEL(2t2)= -( W(?)tF(2rl)-F(2t2) 1 / M ( 2 )  
GO TO 614 

611 DIFF=( ACHECK - ACRIT 1 /ACRIT 
IF(DIFF*GTtOoOOI) GO TO 613 
CHECK s1.0 
T=DELT 

GO TO 6101 3 

613 T=0*5*T 
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ON OF THE REMANINIG END1 ATIONS 

01670 
01680 I 01690 
01700 
01710 I 01720 
01730 
01740 

01770 
01780 I 01790 
01800 
01810 

01830 
01840 

01870 
01080 I 01890 

I 



02230 C BEBUG INIT P SUBCHK 
02240 END 
END OF DATA 
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Sample Analysis 
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TLPil.7 = 

0 n 0000 
0 , 0000 
0 " 0000 
0 n 0000 
0 " 0000 
0 e 0000 
0.1 0000 
0 n 0000 

n01.000000 SECCINXSS ANU 82-Sl = 

POTNT 

3 
2 
3 
4 
s 
(5 
7 
8 

VEI XlC T TY 

.I 000P 
m 0008 
Y4717 
n 0:?39 
m 0004 
n o 1  25 
u 83-74 

1 4 (. 5953 

n 0000 
., 0000 
0024 
,0001. 
n 0000 
I0000 
,0021. 

' ,0778 

UEI. .(IC 3: TY n 1 SFI. .ACEME"' 
- 

0000 
n 0000 
n 0088 

-. ,001.0 
"0001 
"001.h 
" 0x55 
"2483 

FORCE 
. -I 

1 772 n 000 
3452 .. 498 
,3540 n 285 
331 7,51 1. 
XI56"055 
2605 , 892 

0 " 0O# 
0 " 000 

12607 
n 2607 

38 r 8803 
7 n 8443 

264Y 
7,1747 

257 , 56-So 
3.054nm07 

n 9724 
n 97a4 

-1 3429 
23 n m71 
8 n 4800. 

I O t ? , 4 1 6 9  
624 I, 3 7 0 4 )  
0 , 0000 

'1 
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I 
I 
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I 
I 
I 
I. 
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1 N 0200 I 0002 1. n &SO 1 
2 a 0200 a 00Q2 1,6501 
3 ,I 5094 IO1 51 -:31. I 970Y 
4 " 459h a 0042 27 a 4667 

-2875 I0013 56 a 5437 
cs !? I 5041 n 01 45 ' E23a79CK) 
7 1 1  -03.38 n 1202 Q ,GOO 365 I 9963 

c 
,.I 

E\ 1 7 a 5527 I 4637 0 - a 000 0 n 0000 

VEI.llCTTY 
I.."---- 

el 0 3 4 3 4  
-0384 
I 1.5h4 
a 7093 

1 a 37RO 
h a 5958 

1.3 n 2954 
1 7 , 5527 

FORCE 

1 7-72: n QOO 
3,7140 I 1.23 
3547 I 090 
3x25 c 782 
2481 a0Sh 
473 " 588 

ci .I 800 
0 n OG0 

VEL .QC I TY -. ".""-....--- 
a 0584 
I 05R4 

-a056Y 
1 no374 
3 a 9766 

1 1  aY.407 
13,3513 
17aEi27 

a 0009 
I0009 
n . 0  187 
a 0 1 8 c S  
I 0340 
nm 3.481 
a 3784 
a 8547 

1 
2 
3 
4 

d 
7 
8 

c r l  

IO .775 
a 0775 
a 1 4 l 0  
2,0101 
7a9414 

1 3 -64594 
1 3 I 0293 
1.9 n 5527 

FORCE .--- 
1 772 I 000 
3342 I 874 
3432 "622 
3091. n 428 
1 391. a 297 

0 I 000 
0 I 000 
0 I 000 

I0016 
n001.h 

'. a 0 1 8 6  
I(X330 
"0P28 
a 2742 
n 51 03 

3 ,0502 

1 772 n 000 
3x51 -31.1 
3232 n 884 
2473 a 329 
tSl"i8 n 842 
0 I000 
0 .. 000 
0 a 000 

Ja887h 
1. a 8876 

4.9 n 061.3 
'159" 1746 
424,9713 
1 x 3  l e  9 9 Y 3  
-32 ,. 2000 
0 a 0000 

. .  

c 
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T I M E  = 

POXNT 

I 
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3 
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5 
h 
7 
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.--- 
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UEI-OC f JY 

n 1 282 
r 1 2t33 

2 n 675:? 
RI01X? 

1 4 r 0807 
1 3 I. 8304 
12,5075 
1.9 I 5527 

n 0O36 
" 00314 
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0 n 000 
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n 00cSdi 
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I 1.230 
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I7747 
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1 7-72 r 000 
2:1m I 220 

Ex38 ,I 3130 
0 , OQO 

:I '?tS n 622 
257 .. B 1 4 
0 u 000 
0 r 000 

3 a m  7053. 
12,9051. 

' 326 rn 7754 
17Yn0351 
-81,7401 
--47 " 6430 
a:? I 783 1 
0 I8 0000 

I 
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Oscillograph Plots 
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. * .  

TO R, W, Snook DAfE m y  10, 1980 

FROM ' E, F. GerWin 

SUBJECT ..._..... ~ ~ ~ a l l w r g i c a l  ..Examinatian...t... C r a c k . . I ~ t i o n s ~ . . . u u . ~ n . .  
Mancage Safety Qamps - Manufactured by (IlT) 

Meyer Industries 

References: (1) &yer Industry Installation Operating Instruction idamal; 
. Cracked Cable Safety Device*--Inclusive of Sematic Slcetch. 

R. Porthouse (PPP) rem t o  E. F. Gerwin (July 3, 1980) 
Transmitting Three (3) Separate Clamps 

e .  

(2) 

Three clamps as received (ITI' skecth Ref I, P a r t  No. 50613) consisted of 
a cam plate noted t o  be Type 304 S. S. (1/2@@ x 2 -1/4'@ x lo"), \:hi& on one 
(working) end contained a weld metal '%build up" composed of a hard facing al loy 
[unknown composition); about 1/4" thick on a 2 1/2'# radiw. 

Visual Examination showed radial  cracks existing in -the hard f a c h a  alloy 

.. 

I 

. d  - - -in all 3clamps. Their radial length varied frm fhl depth, to par t ia l  reli t ivk. .  .. .. I to  the 1/4" hard face thickness: also on subsequent exanination by microscopic - . _  

I 
I 
I 
I 
1.  
I '  

means internal cracking evidence was observed Ghich did not met ihe outsidi! 
surface. 
'Qpe 304 base plate.  

we& made; Numbered Cam it1 a f t e r  6 actuations; n e e r e d  92 and g 3  a f t e r  144 
actuations (Beference 2 above) , 

In no case however, did any of the crack evidence ext.end into the 

In i t i a l ly  the crack indications bere discovered after on site safety t e s t s  

The PPP Williamsport k t a l l u r g i c a l  Lab chose Nos. %1 and ."3 for  e-xambation 
by microscopic means. No. 1 contained notable '@opened", radial 'crack through 
the hard faced thickness; No. 3 (and as well Xo* 2) contained multiple '%air- 
line" cracks a t  the outside surfaces. - 

Incidental w i t h  these e.&tions the hardness.of the hard facing alloy 
was explored, The Rockwell Hardness \as found t o  range from Rc 32 t o  58 (SW- 
300-352) not exceptionally high hardncss, but apparently adequate for the intended 
service. The Phufacturer 's Standard is not h o m  Evidence was discovered 
which slio\~s that  hardness checks were probably made and were consistent w i t h  
PPP findings. 

The results of microscopic examinations are  shohn in the attached series 
of pllotomicrographs (Fgis . 1 - 4 incl.) . . 



D-2 

interface; I t  demonstrates a , and penetration &tween 
the S.S. and the hard facing 

Fig. 2 (Cam No. 1) shows the c k k  opcning a t  the surface (b) and the . tenninal (a) a t  the bond line.  I t  is sirmificant that there is no evidence 
0 .  of propagation in to  the 304 S.S. base plgte. 

' 

Jig. 3 (Cam No. 3) shows the chractcr of the hairl ine cracks discovcrcd 
in this piece in the hard facing alloy. The radial  depth in this case was 
about .90 m i l  (a-b, b-b) . - * 

Fig; 4 (a) (Csm KO. 3) shows an internal crack in  the hard facing al loy 
a t  about *hid8' tllichess ~ h i c h  did not meet the outside surface. 
Fig. 4 (b 4 c) is a 400 magnification of the crack pattern discovered. This 
is csscntially thc pattern of a11 the cracks observed i n  the microscopic exani- 

For the record 

. nation. 

DISCUSSION OF RESJL* 

The crack pattern (as noted) describes the phenomenon which is variously 
4 . - .- - lcnown, rclativc to cast mctal, as intcrdcndritic or  coring which takcs place 

. a t  the on set of solidification and attendant shrinkage, 
characterist ically i n t e r g r m u l a r  and in thc case of this (unknown) hard facing 
composition, through the eutet ic  carbide precipitates a t  the dendrit ic grain 
boundaries . 

. 
. It is, as shotm, 

' 

It is therefore inlierent (Inore or Icss) in tlw deposition pxwc:c'ss, LinJ 
I s  augmented by variations i n  heat-input; deposition rates and t o  a very large 
extent by cooling rate a t  the melt pool. 
composition to  another and from c h e m i c a l  segregation in any one composition. 

I t  also may vary widely from one 

It is not ent i re ly  unavoidable especially in  relatively thin cladding 

Ihe important consideration for ' the intended service (in t h i s  case particu- 

. process effected by weld deposition.. 

larly) is that "spalling off'  of the clad is not 3 direct  resul t .  
no evidence of this discovered in  any of the samples submitted. 
that  the good fusion, 3nd coalescence a t .  the boundary region (304 S .S. t o  weld 
deposit) w i l l  inhibit  (if not prohibit) this  occurerice. 
the fact, that due t o  the 'customary toughness inherent i n  the 304 S.S. plate 
that the radial  cracking discovered would not propagate this boundary. 

There was 
I t  is believed 

Also significant is 

. .  



I 
I rcsolution is wrefil po ..... Denetrant inspections and ...- --r-- -- - 

&ecki.ngorc;ad<ing. 

coNcws1oNs AND REcmfimTI(xvs 
. =  I . 1. Cracking as noted stems from the welding process employed; it is 'not  due ' 

I 
I service cracks. 

to the-service or testing experience. 

. 2. Ihe vendor (manufacturer) should be admonished to use precautionary process 
measures to minimize the occurrence; and to use post welding inspection 
and repair procedures which will mitigate the possibility-of these prior 
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Appendix FA. 

Endurance Testing Results 



T e s t  # 

E l 0 1  
E102 
E103 
E104 
E105 
E106 
E107 

. E108 
E109 
E l l 0  
E l l 1  
E112 
E 1 1 3 .  
E114 
E115 
E116 
E117 
E118 
E119 
E120 
E121  
E122 
E123 
E124 
E125 
E126 
E127 
E128 
E129 
E130 
E131  
E132 
E133 
E134 
E135 
E136 

F-1 

I 
$I 
I 

'Se t  1 - 6/30/80 

C a g e  Height C a g e  H e i g h t  Safety D e v i c e  
B e f o r e  D r o p  A f t e r  D r o p  A c t u a t i o n  

( i n c h e s )  {inches) 

4 3  3/4 
52 7/8 
55 7/8 
4 3  7 / 8  
46 1/2 
66 3/4 
75 3/8 
70  1 / 4  
75 1 / 2  
32  1/8 
37 
4 1  3/4 
48 s/a 
57 7/8 
69 1/4 
75 5/8 
28 7/8 
35 5/8 
42 5/8 
50  1 /4  
6 1  1/4 
69  1 /4  
74 7/8 
31 
37 7/8 
4 3  1/8 
50  1 / 2  
5 6  1/2 
6 3  1 / 2  
71 1 / 2  
78 1 /2  
26 3/4 
35 1/4 
4 1  5/8 
46  3/8 
5.1 1 /2  

42  1/2 
51 3/4 
54 5/8 
4 2  1 /4  
4 5  3/8 
6 5  1 / 2  
74 1/8 
68  7/8 
74  3/8 
30 3/4 
35 7/8 
40  

56 1/2 
67 7/8 
74 1 /4  
27 1 / 2  
34 
4 1  3/4 
49  
6 0  
67  7/8 
7 3  1 / 4  
29  5/8 
35 3/4 
42  1/8 
4 9  1/8 
55 1 /4  
6 2  1 / 2  
7 0  1 / 4  
77 3/8 
2 5  1/8 
34 
40  1/8 
44  7/8 
5 0  

4 7  1/2' 

worked 
worked 
worked 
w o r k e d  
worked 
worked 
worked 
w o r k e d  
worked 
worked 
worked 
worked 
w o r k e d  
worked 
w o r k e d  
worked 
w o r k e d  
worked 
w o r k e d  
worked 
worked 
worked 
w o r k e d  
worked 
w o r k e d  
worked 
w o r k e d  
worked. 
worked 
worked 
worked 
worked 
w o r k e d  
w o r k e d  
w o r k e d  
worked 



T e s t  # I 
E201 
E202 
E203 
E204 
E205 
E206 
E207 
E208 
E209 
E210 

I 
I 
I 
I 

I 

I 

E211 
E212 
E213 
E214 
E215 
E216 
E217 
E218 
E219 
E220 
E221 
E222 
E223 
E224 
E225 
E226 
E227 
E228 
E223 
E230 
E231 
E232 
E233 
E234 
E235 
E236 

I 

22 20 1/2 worked 
30 3/4 29 5/8 w o r k e d  
37 3/4 36 1/4 w o r k e d  
46, 44 7/8 w o r k e d  
52 7/8 51 1/2 w o r k e d  
60 3f4 59 1/2 w o r k e d  
70 1/2 69 1/4 w o r k e d  
77 1/4 76 318 w o r k e d  
29 1/2 25 318 w o r k e d  
30 3/8 28 718 worked 
37 1/2 35 718 w o r k e d  
45 1/2 44 1/4. w o r k e d  
53 3/4 51 3/4 w o r k e d  
58 7/8 57 1/2 w o r k e d  
64 1/4 62 5/13 w o r k e d  
69 3/4 68 3/8 worked 
76 l / 4  74 7/13 w o r k e d  
27 1/4 25 1/2 worked 
31 3/4 30 118 w o r k e d  
36 1/2. 34 7/8 w o r k e d  
41 3/4 40 w o r k e d  
45 7/8 43 7/8 w o r k e d  
50 3/4 4 8  7/8 w o r k e d  
57 3/4 56 1/4 worked 
67 3/8 65 3/4 w o r k e d  . 
72 1/8 70 1/2 w o r k e d  
72 1/2 70 3/4 w o r k e d  
25 1/2 24 w o r k e d  
30 3/4 28 718 w o r k e d  
36 5/8 34 1/2 w o r k e d  
43 1/4 41 318 w o r k e d  
51 1/2 49 1/2 w o r k e d  
59 1/2 57 718 worked 
64 1/2 62 1/2 w o r k e d  
613 3/8 66 7/8 w o r k e d  
72 1/2 70 1/4 worked 

I... . 

I '  ' 



T e s t  0 

E301 
E302 
E303 
E304 
E305 
E306 
E307 
E308 
E309 
E310 
E311 
E312 

' E313 
E314 
E315 
E316 
E317 
E318 
E319 
E320 
E321 
E322 
E323 
E324 
E325 
E326 
E327 
E328 
E329 
E3 30 
E331 
E332 
E333 
E334 
E335 
E3 36 

C a g e  Height 
Before Drop 

( i n c h e s ) .  

37 7/8 
44 7/8 
48 1/2 
53 1/2 
63 1/8 
69 1/2 
73 7/8 
24 3/4 
31 1/2 
35 3/8 
42 1/8 
48 1/8 
53 1/2 
61 3/8 
69 3/8 
73 1/4 
20 5/8 
29 1/4 
35 
48 1/8. 
57 7/8 
58 7/8 
-69 1/2 
72 5/8 
74 3/4 
23 1/4 
25 1/8 
34 3/4 
44 1/4 
46 3/4 
50 1/4 
54 5/8 
60 1/2 
66 3/4 
75 3/8 
56 1/2 

C a g s  Height 
- A f t e r  Drop 

( i n c h e s )  

35 718 

45 3/4 
51 3/43 
61 1/4 
67 112 
71 7/8 
22 3/4 
29 7/8 
33 1/2 
40 1/4 

43 1/8 

46 3/4- 
51 7/8 
59 5/8 
68 
71 3/4 
18 5/8 
27 3/4 
33 3/4 
46 1/2 
51 1/8 
57 3/8 
6 4  7/8 
71 1/8 
73 3/8 
21 1/4 
23 1/4 
33 
42 1/8 
44 3/4 
48 5/13 
52 1/2 
58 7/8 
65 1/4 
73 3/8 
54 3/4 

Safety D e v i c e  
Actuation 

worked 
w o r k e d  
w o r k e d  
w o r k e d  
worked 
w o r k e d  
worked 

$ w o r k e d  
w o r k e d  
worked 
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
worked 
w o r k e d  
w o r k e d  
w o r k e d  
w o r k e d  
worked 
w o r k e d  
w o r k e d  
worked 
w o r k e d  
w o r k e e  
w o r k e d  
w o r k e d  
w o r k e d  . 
w o r k e d  

:I 
I 
I 
I 
I 

. .  . .. 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

T e s t  # 

E401 
E402 
E403 
E404 
E405 
E406 
E407 
E408 
E409 
E410 
E411 
E4 12 
E413 
E414 
E415 
E416 
E417 
E418 
E419 
E4 20 
E4 2 1  
E422 
E423 
E424 
E425 
E426 
E427 
E428 
E429 
E430 
E431 
E432 
E433 
E4 34 
E435 
E436 

. Se t  4 - 7/01/80 

C a g e  Height Cage H e i g h t  
B e f o r e  Drop A f t e r  Drop 

( i n c h e s )  (inches) 

56 1/4 
58  1/4 
57 1/2 
34 1/2 
37 1/2 
45 
5 3  1/8 
58 
6 1  1/8 
6 9  3/4 
46 5/8 
32 1/8 
43 1/4 
50 7/8 
45 1/8 
60 1/4 
70  7/8 
28 1/8 
51  1/4 
60  
66 7/8 
44 . 
38 1/8 
46 3/4 
65  1/8 
30 1/8 
37 1/8 
5 3  1 / 8 ,  
26 5/8 
59  5/8 
32 7/8 
38 1/2 
5 1  
5 3  1/4 
3 1  5/8 
49 1/2 

54 5/8 
56 1/2 
55 5/8 
32 5/8 . 
35 3/4 
43 1/2 
51 1/4 
56 
59 1/2.  
67 3/4 
44 3/4 
30 1/8- 
41  3/8 
48 7/8 
43 1/4 
58 1/2 
69  
26 1/2 
4 9  .3/0 
58 1/4 
65 1/8 
42 1/8 
35 7/0 
44 3/4 
63  1/4 
28 1/2 
35 1 /2  
51  1/4 
24 5/8 
57 7/8 
30 7/8 
36 3/8 
49 
5 1  3/8 
30 
48 1/8 

Safety Device 
A c t u a t i o n  

worked 
worked 
worked 
worked 
worked 
worked 
worked 
w o r k e d  
worked 
worked 
workad 
w o r k e d  
worked 
worked 
w o r k e d  
worked 
w o r k e d  
worked 
w o r k e d  
worked 
worked 
worked 
w o r k e d  
worked 
w o r k e d  
worked 
w o r k e d  
worked 
worked 
worked 
w o r k e d  
worked 
worked 
worked 
worked 
worked 

'. _. 

I .  



I 
I 
I 

I 
1 
I 



1 'L 
I '  
I 
I 
I 
I 
I 
I*.. 
I. 
I 
I 
I 
I '  
I 
t -  
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I 

.- 

. .  

a -  . - 
4 

1.3. Rober t  X. !Iartin, C . .  
Net Lorial Chimney .C ons t ruc t ion S a e t  y ' 

P u l l m a  Power Product si . .  
157s fdorth Unlvcrsal' Avenue 

znd E i c a l t n  Advisory Committee 

. .  , .  -- K&QSas c i t y ,  xisaowi 64120';.' 

De=- I-;r. -3tar t in  : . . - .  

The f olioierh& . o b s e r v a t l o n s ~ ~ u e s t i o ~ ~  we& nade by our  cnglneering 
steff in the @fi"ics of Gonstruction Standards concerning your 
report  on the br 

1. 

'I- .. 
. .  

. ,cah.;Le safety device used on the personnel cage- - -  .- .::. .. 
* .. ..r ' 

-3incc'the b&p of t;Ae 'report impUes that there were fellure 
'under i~11,zt conditions. d i d  foilure occuk? 

. .  
2. . 

3 .  tnict- type of s'ieef i f i re  rope .Was .used?' . 

4. 

5. . Procedures for adjustin$the safaty device &?e not detni le  
. A130+ how i s  t h i s  zGjustincnt maintainccl how quickly is  

taat forces .. inbluding: lqeral. motion, were experienced at t 
floor of thc c e e ? ;  - ... 

, .- e . -  ,I"'.. 
.... .. - , It.? 

. .  _.. 
. T a b l e s  Ai: t ! ;c loh'y of thc r e p o r t  a r k  6ot'cl.ear. 

. .  

it out OP zdJustmcnt when used? . 

G. IIow is the 200 lh. teaslon, or' adeqiiete tension, maintain 
in the safety  cables-at *he foundstion enes for l o n ~  leng 

7. Com?uter. prfr;tout;"dois 'not give kit of meesure, i.e.., fo 

o. ~ n a t  correctLve act%oiis"'i-& been taken to elinl,&tc the' 
cracks in the safety' device (see. metallurgical repor t  on 
claqirkg c m s  in Appenilix D)? 

Tr.e caqputer  pmgrm i o  .qissing t he  mathematical. f o r m i ~ n  in 
the computer pr&ae&etion t h a t -  Gas used eo. develop t h i s  pro 

- . .  
. .  . .  . .  ' .  .. J distance, ctc, . 

. .  - .  . 
fi  

9.. 

I Sinccreig, . _  

8 s  

JEIXS J. C O E C ~ ~ I I O ~  
Direct or 
OQfice of Varlance Detern!inr-t&on 
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